To determine plasma homocysteine and cysteine levels in patients with retinal vein occlusion (RVO) and in healthy subjects and to ascertain whether there are statistically significant differences between patients and control subjects. METHODS. In this case-control study, the study group consisted of 75 consecutive patients with RVO: 33 had central retinal vein occlusion (CRVO), and 42 had branch retinal vein occlusion (BRVO). Seventy-two apparently healthy age-and sexmatched subjects served as control subjects. Homocysteine and cysteine levels were measured with a new laser-induced fluorescence capillary electrophoresis (CE-LIF) method. Wilcoxon or Student's t-test was used, when appropriate, to determine differences between groups. RESULTS. There were no significant differences in median plasma homocysteine between patients with RVO and control subjects, nor were there any statistically significant differences when patients were categorized by type of vein occlusion (CRVO or BRVO). Similarly, there were no significant differences in mean plasma cysteine between patients with RVO and control subjects. However, when categorized by type of vein occlusion, mean plasma cysteine was significantly higher in CRVO patients than in control subjects (P ϭ 0.034).
R
etinal vein occlusion (RVO) is a major cause of visual loss. This condition can involve the central trunk or branches of the retinal venous circulation (CRVO and BRVO, respectively). Elevated plasma homocysteine, which is associated with venous thrombosis and cardiovascular disease, 1, 2 has been suggested as an important potentially modifiable risk factor for RVO. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] In contrast, little is known about the role played by plasma cysteine in RVO. Elevated plasma cysteine has recently been suggested to be a cardiovascular risk factor. 15, 16 Although less reactive than homocysteine, cysteine shares some of the chemical properties, due to the presence of its sulfhydryl group in the molecule. Cysteine has a general cytotoxicity in vitro and promotes detachment of human arterial endothelial cells in culture. It also exhibits auto-oxidation properties in the presence of metal ions, resulting in the generation of free radicals and hydrogen peroxide.
The purpose of this study was to determine plasma homocysteine and cysteine levels in patients with RVO and apparently healthy subjects and to ascertain whether there are statistically significant differences between patients and control subjects.
METHODS
The present study had a case-control design, recruiting 75 consecutive patients with RVO (CRVO or BRVO) admitted to our institute between April 2003 and November 2005. The duration of visual symptoms, ocular medication, and ocular history were noted. A full ophthalmic evaluation of both eyes was performed, including best corrected visual acuity (BCVA), slit lamp examination, applanation tonometry, fundus biomicroscopy, and fluorescein angiography. Medical conditions, including diabetes, systemic hypertension, cardiovascular status, decreased renal function, relevant drug history, and presence of blood dyscrasias were also recorded. Exclusion criteria included age Ͻ18 years, renal failure, and current medication with vitamin B6, B12, or folic acid.
Similar to other studies analyzing the relationship between plasma homocysteine and cysteine levels and vascular occlusive disease, we chose a control group of apparently healthy subjects. 16 The control group included 72 subjects, recruited from accompanying relatives or friends of patients or from hospital personnel. Exclusion criteria for control subjects were a history of diabetes, systemic hypertension, cardiovascular or cerebrovascular disease, renal failure, blood dyscrasias, tumors, retinal vascular disorders, age Ͻ18 years, and current medication with vitamin B6, B12, or folic acid. All control subjects underwent standard ophthalmic evaluation, including BCVA, slit lamp examination, applanation tonometry, and fundus examination. Control subjects were recruited concurrently during the patients' recruitment period.
A blood sample was taken from each participant after an overnight fast. Blood for homocysteine and cysteine was collected in an EDTA tube, transported on ice, and immediately centrifuged at 3000g for 10 minutes at 4°C, for plasma and serum separation. Then, the samples were stored at Ϫ80°C and analyzed within 1 week. Total plasma thiols were measured by capillary electrophoresis laserinduced detection (P/ACE; Beckman Instruments, Fullerton, CA), as described previously. 17 Briefly, 100 L of standard or plasma sample was mixed with 10 L of tributylphosphine (10%; TBP), vortexed for 30, seconds and subsequently incubated at 4°C for 10 minutes. After incubation, 100 L of trichloracetic acid (10%; TCA) was added, vortexed for 10 seconds, and then centrifuged at 3000g for 10 minutes; 100 L of supernatant was mixed with 100 L of 300 mM Na 3 PO 4 (pH 12.5) and 25 L of 5-IAF (4.1 mM), incubated at room temperature for 10 minutes, and finally injected in capillary electrophoresis. Analysis of plasma thiols was performed by a masked individual (AZ).
In addition, serum vitamin B12 and folate levels were measured in all patients with RVO (IMX Analyzer; Abbott Laboratories Diagnostics Division, Abbott Park, IL). The IMX B12 assay is based on the microparticle enzyme immunoassay (MEIA) technology, whereas the IMX folate assay is an ion-capture assay technique. For these immunologic assays, inter-and intra-assay coefficients of variation were Ͻ10%. Nor-mal values for plasma vitamin B12 and folate are 179 to 1162 pg/mL and 2.7 to 34 ng/mL, respectively.
Institutional ethics review board approval was obtained, and the study was conducted in full accord with the tenets of the Declaration of Helsinki. Each participant received detailed information and provided informed consent before inclusion.
Analysis of normality for homocysteine and cysteine distribution was performed using the Kolmogorov-Smirnov test. Wilcoxon or Student's t-test was used, when appropriate, to calculate differences between patients with RVO and control subjects. P Յ0.05 was considered to be statistically significant (StatGraphics ver. 5.0 for Windows; StatPoint Inc., Herndon, VA).
RESULTS
The study cohort consisted of 75 patients with RVO (40 men, 35 women; mean age: 63.9 Ϯ 14.5 years; 95% CI: 60.6 -67.2). Thirty-three patients (19 men, 14 women; mean age: 63.4 Ϯ 16.2 years, 95% CI: 57.6 -69.1) had CRVO and 42 (21 men, 21 women; mean age: 64.4 Ϯ 13.1 years, 95% CI: 60.2-68.5) had BRVO. The patients' characteristics are reported in Table 1 . All patients had similar rates of diabetes, hypertension, hypercholesterolemia, and anticoagulant use, but patients with CRVO had twice the incidence of positive cardiovascular history (angina/myocardial infarction) when compared with those with BRVO; however, this result did not reach statistical significance (P ϭ 0.16).
The control group consisted of 72 subjects (37 men, 35 women; mean age: 63.5 Ϯ 8 years, 95% CI: 61.8 -65.5); none had signs of retinal vascular disorders.
Patients and control subjects were well matched for age (RVO patients versus control subjects: P ϭ 0.89, CRVO patients versus control subjects: P ϭ 0.91, BRVO patients versus control subjects: P ϭ 0.72) and sex (RVO patients versus control subjects: P ϭ 0.82, CRVO patients versus control subjects: P ϭ 0.7, BRVO patients versus control subjects: P ϭ 0.93).
Homocysteine levels showed a non-normal distribution; accordingly, statistical analysis was performed with the Wilcoxon test. This result, due to the positively skewed distribution of homocysteine in both patients and control subjects, is consistent with the literature. 18, 19 There were no significant differences in median plasma homocysteine between patients with RVO and control subjects (Table 2) , nor were there any statistically significant differences when patients were categorized by type of vein occlusion (CRVO or BRVO).
Cysteine values showed a normal distribution; as a result, statistical analysis was performed using the Student's t-test. There were no significant differences in mean plasma cysteine between patients with RVO and control subjects (Table 3) . However, when categorized by type of vein occlusion, mean plasma cysteine was significantly higher in patients with CRVO than in control subjects (P ϭ 0.034).
Mean plasma vitamin B12 and folate values in patients with RVO, CRVO, or BRVO are shown in Table 4 .
DISCUSSION
Homocysteine is a potentially cytotoxic sulfur-containing amino acid produced during the metabolism of the essential amino acid methionine (Fig. 1) . Methionine, which comes from dietary animal protein, donates methyl groups to vital transmethylation reactions, which produce important molecules such as creatine and phosphatidylcholine, and allows methylation of DNA, RNA, and neurotransmitters. 20 Homocysteine is an essential intermediate in the transfer of activated methyl groups from tetrahydrofolate to S-adenosylmethionine in the remethylation pathway. It is also an intermediate in the pathway of synthesis of cysteine from methionine (transsulfuration pathway). In the remethylation pathway, homocysteine is remethylated to methionine by transfer of a methyl group from N-5-methyltetrahydrofolate, catalyzed by methionine synthase, an enzyme that requires vitamin B12 as a cofactor. In the transsulfuration pathway, homocysteine is the substrate of the vitamin B6-dependent enzyme cystathionine ␤-synthase, which catalyzes its condensation with serine to form cystathionine. This is the critical step in the pathway because it is irreversible under physiological conditions. From this point on, homocysteine is committed to follow this pathway. In the last step of the transsulfuration pathway, cystathionine is cleaved by ␥-cystathionase, another vitamin B6-dependent enzyme, to form 2-oxoglutarate and cysteine.
There is still no general agreement on the role of hyperhomocysteinemia in RVO. Eleven case-control studies, one pop- Unless otherwise stated, data are the number of subjects (percentage of group). ulation-based study, and one meta-analysis have shown plasma homocysteine to be significantly higher in patients than in control subjects. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Conversely, five other case-control studies failed to demonstrate an association. 18,20 -24 Ophthalmic patients without RVO were used as control subjects in five studies, 5,9,10,12,23 whereas a mixture of hospital staff and ophthalmic patients without RVO was used in three studies. 3, 4, 18 Other control groups included the general population, 13 apparently healthy adults, 6,7,14,23 blood donors, 8, 21 or individuals matched for age, gender, laboratory, and the main risk factors for atherosclerosis. 24 The use of different criteria for the selection of control subjects may in part explain the contrasting results reported in the literature. In addition, a small number of patients were analyzed in several studies (20 RVO, 7 33 RVO, 12 and 21 CRVO, 22 ), which may limit the validity of the results.
Age is an important confounding factor when analyzing the potential role of plasma homocysteine in vascular disorders. In a large, apparently healthy population (n ϭ 11,941), increasing age was shown to correlate with elevated homocysteine. 25 Although many of the studies in the literature state that patients and control subjects were age-matched, the precision of matching and a statistical test of the outcome of matching are rarely presented. It is noteworthy that in two of the studies identifying homocysteine as a risk factor for RVO, the control subjects were not fully age-matched and that in another report they were significantly younger than the patients (P Ͻ 0.0001). 4 -6 In these studies, the use of control subjects who were on average 3 years, 4 5 years, 6 and 14 years 6 younger than the patients could account for the finding of significant differences. In contrast, in one report that failed to demonstrate an association between increased homocysteine and CRVO, the patients were significantly younger than the control subjects (P Ͻ 0.005). 22 Another potential source of bias is the patient's condition (fasting or nonfasting state) at the time blood samples were collected. It is generally recommended that subjects be in the fasting state when homocysteine is measured. 26 In a casecontrol study showing an association between hyperhomocysteinemia and CRVO, nonfasting blood samples were obtained from both patients and control subjects. 5 In a similar study reporting elevated homocysteine levels in patients with RVO, nonfasting blood samples from patients and fasting samples from blood donors were analyzed. 8 The procedures used in these studies may have led to the finding of higher homocysteine levels in the patients than in the control subjects.
Decreased renal function with reduced clearance of homocysteine results in elevated plasma homocysteine levels, which are inversely related to serum creatinine levels. 11 In two studies showing an association between hyperhomocysteinemia and RVO, the patients' renal function was not investigated. 8, 14 As a result, we cannot rule out the possibility of a moderately decreased glomerular filtration rate as a mechanism responsible for the increased homocysteine levels observed.
Although the control subjects in our study were similar to the patients in age and sex distribution, we did not match for other factors potentially capable of altering homocysteine levels, such as tobacco smoking and excessive alcohol intake, which, however, do not affect cysteinemia. 11, 16 Another potential limitation of this study is that we did not assess the 5,10-methylenetetrahydrofolate reductase (MTHFR) genotype. Subjects homozygous for the thermolabile variant of MTHFR show higher plasma levels of homocysteine, particularly when serum folate levels are low. However, most studies on MTHFR genotype failed to identify the presence of the thermolabile polymorphism as a risk factor for RVO. 9, 10, 18, 21, 23, 24 Our study showed that patients with RVO and control subjects had similar plasma homocysteine concentrations, a result consistent with that reported in other studies. 18, [21] [22] [23] [24] We also found no significant differences in mean plasma cysteine between patients with RVO and control subjects. However, when categorized by type of vein occlusion, mean plasma cysteine was significantly higher in patients with CRVO than in control subjects. This result may be explained in part by the patient's nutritional status. Although CRVO and BRVO patients had similar plasma vitamin B12 and folate levels, we found that patients with CRVO had a lower mean concentration (Ϫ17.3%) of folate than did patients with BRVO. As folate is essential for the conversion of homocysteine to methionine in the remethylation pathway, the reduced intake of folate in patients with CRVO may be responsible for homocysteine's being directed predominantly toward the transsulfuration pathway, thus leading to an increased level of plasma cysteine. Our results are in agreement with a recent study on the relationship between plasma cysteine levels and the risks of vascular disease, which found that hypercysteinemia is associated with decreased plasma folate. 16 In contrast, no relationship was found between hypercysteinemia and vitamin B12. 16 We are unaware of any previously reported study assessing plasma cysteine levels in patients with RVO. The concentration of total cysteine in serum and plasma from healthy subjects is 200 to 230 M, which is 20 times higher than the plasma homocysteine level. 27 Cysteine shares some of homocysteine's chemical properties derived from the presence of its sulfhydryl group. 28 It is cytotoxic in vitro and promotes the detachment of human arterial endothelial cells in culture. 29, 30 Cysteine also exhibits auto-oxidation properties in the presence of metal ions, 31 resulting in the generation of free radicals and hydrogen peroxide, which promote the activation of the cellular immune system and support superoxide-mediated modification of lowdensity lipoprotein (LDL). 32, 33 Therefore, auto-oxidation of cysteine in vitro promotes several processes involved in atherogenesis and thrombogenesis. 24 -37 The in vivo effects of hypercysteinemia on vascular endothelium may be more relevant than those of hyperhomocysteinemia, because of its higher concentration. Previous studies have demonstrated increased cysteine levels in patients with myocardial infarction, 38 cerebral infarction, 39 or peripheral vascular disease. 40 In addition, recent studies have shown that increased plasma cysteine is a cardiovascular risk factor. 15, 16 The detection of significantly higher levels of plasma cysteine in patients with CRVO raises the interesting question of whether hypercysteinemia, apart from being a cardiovascular risk factor, also plays a role in the pathogenesis of CRVO. It is noteworthy that, in our study, one fourth of the patients with CRVO had a positive cardiovascular history, twice the incidence when compared with BRVO patients. The increased levels of plasma cysteine, observed only in the CRVO group, may account for this result.
In conclusion, this study failed to demonstrate an association between increased plasma homocysteine and RVO. Mean plasma cysteine was significantly higher in CRVO patients, thus suggesting that hypercysteinemia may contribute to the pathogenesis of this retinal vascular disorder. Larger studies are needed to confirm our results and elucidate the possible mechanisms by which increased plasma cysteine may cause CRVO.
